Background: Pediatricians are physicians trained to provide comprehensive nonsurgical health care for children, but parents may consult other specialists when seeking medical help for their children. This study was designed to analyze the role of pediatricians and the changes in the patterns of ambulatory visits among different specialties for children under the age of 18 years in Taiwan during the past 13 years. Methods: Data on ambulatory visits of children aged 0e17 years from 1999 to 2011 were retrieved from the National Health Insurance Research Database. The physician's specialty, level of the hospital, year of visit, age of the patient, and diagnoses of each ambulatory visit were analyzed. Four of the most commonly visited specialtiesdpediatrics, otolaryngology, family medicine, and internal medicinedwere compared. The yearly trend of ambulatory visits to different specialties, difference in various age groups, influence of hospital levels, and the top 10 diagnoses were analyzed. Results: A total of 1,618,033 ambulatory visits were identified and enrolled into our study. A comparison of the proportions of ambulatory visits between 1999e2003 and 2007e2011 showed that the proportions of visits increased from 27.1 AE 1.3% to 35.4 AE 1.0% for pediatricians, decreased from 32.8 AE 1.8% to 17.0 AE 0.8% for family physicians, and did not change for otolaryngologists and internal medicine physicians. Specifically, pediatricians were visited more often if the children were younger, or if the health-care facility (level of hospital) was either a medical center or a regional hospital. Upper respiratory tract infection was the top diagnosis, followed by acute bronchitis, and acute and chronic tonsillitis.
Introduction
Taiwan's National Health Insurance (NHI) program was started in 1995 and it covered approximately 99.9% of the population in 2011. 1, 2 Within this program, people are free to choose their physicians during ambulatory visits and there is no strict regulation of referral, even for children. Primary health care for children in Taiwan is mostly provided by pediatricians, family physicians, otolaryngologists, and internal medicine physicians. Because of the declining child population and the fee-for-service system, 3 these four groups of physicians compete with each other to increase their primary-care numbers.
Pediatricians are physicians trained to provide comprehensive medical care for children between 0 and 17 years of age, and they are thus considered the most suitable physicians for children's primary care. Family physicians receive training from pediatricians during their residency for 3e5 months in clinics, wards, and emergency rooms, and they are considered the second-choice physicians for children's primary care. However, otolaryngologists and internal medicine physicians are not required to receive any pediatric training during their residency. In addition, there is no regulation for children to be cared for only by physicians who have received specialized pediatric training.
Despite the high accessibility to health-care centers and the high health-care coverage rate in Taiwan's NHI, the mortality rate of children was surprisingly high compared with the Organization for Economic Co-operation and Development (OECD) countries. 4 In particular, the mortality rate of children aged 1e9 years has been the second highest compared with the OECD countries during the past 5 years. The ambulatory visit is considered an important part of children's primary care, especially for early detection and prevention of disease, and for advocating health education. Therefore, a comprehensive research on children's ambulatory visiting patterns is important.
The purpose of this study was to analyze the role of pediatricians and the changes in the patterns of ambulatory visits among different specialties for children under the age of 18 years in Taiwan from 1999 to 2011.
Materials and methods

Data source
The Taiwan National Health Insurance Research Database (NHIRD) is a project that provides the health insurance claims data in an electronic form from 1999. The database provides demographic and medical information on insured residents after deidentification and encryption. Using data from Taiwan's NHIRD, various reports have been published on children's diseases. 5e25 In this study, we used systematic sampling files that constituted 0.2% of the entire ambulatory visiting database. 26 According to the Bureau of NHI of Taiwan, the systematic sampling method is applied to the whole database of outpatient visits each year by random sampling. The study was approved by the Institutional Review Board of Taipei Veterans General Hospital (VGHIRB No. 2012-06-017A).
Study population
We included patients under the age of 18 years from 1999 to 2011. The information of each visit included the leading diagnosis classified by Clinical Classification Software (CCS), 27 patient's age, physician's specialty, year of visit, and the level of the hospital. CCS was used instead of the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) because it grouped more than 12,000 diagnosis codes of the ICD-9-CM into 259 clinically homogeneous and mutually exclusive categories. 28 We further selected only four specialties as our study population: pediatrics, otolaryngology, internal medicine, and family medicine. Physicians registered with the NHI as general practitioners were grouped with family physicians. The four specialties accounted for the majority of our pediatric outpatient visits. General practice was cancelled in Taiwan after 2007 due to a government policy, which had been one of the major children-visiting specialties before then. In a further analysis, we grouped family medicine and general practice as family medicine. Visiting years were categorized into the following three groups: 1999e2003, 2004e2006, and 2007e2011. Four age groups (<1, 1e4, 5e10, and 11e17 years old) were used for classifying the enrolled children. Four levels of hospital including local clinics, local hospitals, regional hospitals, and medical centers were used to categorize visits.
Statistical analysis
Microsoft SQL Server 2008 R2 (Microsoft Corporation, Redmond, WA, USA) was used to retrieve datasets from the NHIRD. Microsoft Office Excel 2010 (Microsoft Corporation) and SPSS version 19.0 (SPSS Inc., Chicago, IL, USA) were used to performed data analysis. We converted visit counts into percentages to compare different groups. One-way analysis of variance was used for comparing proportions among the three categorical groups, and post hoc least significant difference was used for pairwise comparison. A p value < 0.05 was considered statistically significant. Graphs were created using SigmaPlot 12.0 (Systat Software Inc., San Jose, CA, USA).
Results
Data on 667,347,976 ambulatory visits (overall data) were retrieved from the datasets for the period from 1999 to 2011. Of these, 1,618,033 visits were identified as pertaining to children's (defined as age < 18 years) ambulatory visits and these were enrolled and analyzed in this study.
Changes in different specialties, 1999e2011
For all the enrolled children, different changing patterns in the proportion of ambulatory visits to the four specialties were noted during the study period ( Figure 1A) . The proportion of ambulatory visits to pediatricians increased significantly (p < 0.05) and that of family physicians Changes in the proportions of visits made to different specialties by children of different age groups are shown in Figure 1BeE and Table 1 . It can be seen that the proportion of visits made to pediatricians increased, whereas visits to family physicians decreased in all age categories. A significantly higher number of ambulatory visits for children under the age of 1 year were made to pediatricians when compared with visits to all other physicians in all the periods studied (p < 0.05). By contrast, the proportion of ambulatory visits to pediatricians for children aged 11e17 years was significantly lower than that made to family physicians from 2007 to 2011 (p < 0.05).
Overall, ambulatory visits were highest for pediatricians (30.8%), followed by family physicians, otolaryngologists, and internal medicine physicians (Table 1 ). There was a markedly inverse relationship between children's age and the proportion of visits made to pediatricians, showing that the younger the children were, the higher the pediatricians' visiting rate. For family physicians, this relationship showed the opposite trend, and the difference between different age groups was not obvious (Table 1) .
Changes in different medical-care levels, 1999e2011
For all the enrolled children, the proportion of visits to pediatricians showed increasing patterns in all the four levels of medical-care providers from 1999 to 2011 ( Figure 2 ). Especially, visits to pediatricians were significantly higher than to all other specialists in medical centers and regional hospitals in different periods (p < 0.05; Table 2 ).
The proportion of visits to family physicians was significantly higher than visits to other specialists during 1999e2003 (p < 0.05) in local hospitals and local clinics, but visits to family physicians were significantly lower than those to pediatricians during 2007e2011 (p < 0.05). The proportion of visits to internal medicine physicians was consistently significantly lower than visits to all other specialists across all levels of medical-care providers (p < 0.05). The proportion of visits to otolaryngologist stayed at approximately 20% of all visits in medical centers, regional hospitals, and local hospitals, and 16e17% of visits in local clinics, and there was little change during 1999e2011. A comparison between the proportions of visits to family physicians and otolaryngologists showed that the former had significantly higher visits than the latter from 1999 to 2003 in all the four levels (p < 0.05); however, the proportion of visits to family physicians was significantly lower from 2007 to 2011 in medical centers and regional hospitals (p < 0.05), and there was no difference in local hospitals and local clinics (p > 0.05; Figure 2 , Table 2 ).
Top 10 diagnoses
The top 10 diagnoses in each specialty are summarized in Table 3 (see Table S1 in the supplementary material online for the referenced common CCS codes and corresponding diseases). Upper respiratory tract infection (URI) was the top diagnosis made by all the four specialties (Table 3) . Taking all diagnoses made by the four specialties together, the proportion of URI diagnosis was as high as 41.2% in all visits during the study period. The second most frequent diagnosis by internal medicine physicians, pediatricians, and family medicine physicians was bronchitis (Table 3) . Acute and chronic tonsillitis was the third most frequent diagnosis by pediatricians and family medicine physicians. Otitis media and related conditions and other ear and sense organ disorders appeared only in the top 10 diagnoses of otolaryngologists. Specifically, the diagnoses of asthma and pneumonia appeared only in the top 10 diagnoses of pediatricians (Table 3) .
Diagnostic proportions of different specialties in each common disease
Among these diagnoses, the four analyzed specialties accounted for more than 90% of visits. After calculating the proportions of visits to different specialties, we found that more than half of the cases of pneumonia (82.4%), asthma (73.8%), intestinal infection (52.6%), and bronchitis (50.3%) were diagnosed by pediatricians. Influenza (53.3%) was the most common disease diagnosed by family physicians. Acute/chronic tonsillitis (41.1%) was the most commonly diagnosed condition by otolaryngologists. Otitis media had similar rates of diagnosis by pediatricians (41.2%) and otolaryngologists (40.1%). URIs had similar rates of diagnosis by pediatricians (31.1%), family medicine physicians (32.6%), and otolaryngologists (28.2%; Figure 3 , see supplementary material online). With regard to other specialists not mentioned here, the role of a dermatologist is very important. In cases of allergy, a dermatologist is the specialist who most often makes the diagnosis (43.3%). In cases of viral infection, the most commonly visited physicians were pediatricians (44.9%), followed by dermatologists (21.8%; Figure 3 , see supplementary material online).
Discussion
Our investigations demonstrated, for children with nonsurgical diseases, an increasing trend in the visits made to pediatricians and a decreasing trend in visits made to family physicians from 1999 to 2011, regardless of children's age or the level of medical-care providers. Visits to otolaryngologists accounted for approximately one fifth of all ambulatory visits throughout the 13-year study period. URI was the most commonly diagnosed condition by the physicians in the studied specialties. More serious diseases, such as pneumonia and asthma, were most commonly diagnosed by pediatricians.
There was a sharp drop in the curve showing proportion of visits to family physicians and slight elevations in the curves showing proportion of visits to pediatricians and internal medicine physicians between 2006 and 2007. This was because Taiwan's NHI closed the registration of general practitioners in 2007. Although most of these general practitioners chose family medicine as their newly registered specialty, some changed back to their original subspecialties (e.g., internal medicine or pediatrics). Therefore, the difference in data between 2006 and 2007 was partly related to the changes in physicians' specialty registration. In addition, there was a continuously increasing trend in the proportion of visits to pediatricians among all age groups as shown in Figure 1 , before and after 2007, and there were significant differences between different periods as demonstrated in Table 1 . A reasonable explanation is that parents' treatment-seeking behavior had also changed to favor pediatricians over the 13-year period.
A study on children's ambulatory visits in the United States by Freed et al 29 also reported an increase in visits to pediatricians and a decrease in visits to family physicians from 1980 to 2000. In our study, the increase in the proportion of visits to a pediatrician was more obvious in children of younger ages, and the increasing velocity was larger than that of Freed et al's report. 29 The increase in the visits to a pediatrician was also associated with the decline in the visits to family physicians. In children aged 1e17 years, we found that the proportion of visits to pediatricians in the United States was two to three times of that in Taiwan. 29 The drop in the proportions of visits to family physicians was also more marked in Taiwan compared with the United States. Visits to otolaryngologists (20%) in our study were two times the visits to nonpediatric specialists (5e10%) in the United States. Although our study was carried out approximately 10 years after Freed et al 29 published their findings, we should still take note of the problem of relatively low visits to pediatricians and the higher proportion of visits to nonpediatric specialists in Taiwan for pediatric patients.
In the follow-up study, Freed et al 30 found that the visits to a pediatrician grew most sharply in the adolescent group. In our study, by contrast, visits to pediatricians were only 7e17.6% for adolescents from 1999 to 2011, which was less than one third of the visiting rate of American adolescents. Furthermore, in our study, the visiting rate to otolaryngologists showed a slight increase (from 11.2% to 20.1%) in adolescents. Therefore, some effort can be made to increase the adolescents' care percentage by pediatricians in the future.
Lin and Lai 31 reported an observation on the ambulatory care of preschool children under the age of 6 years in Taiwan in 2009. They reported increasing trends in the rate of visits to otolaryngologists, family physicians, and general practitioners, and a decreasing trend in the rate of visits to pediatricians as children grew older. 31 Our study further evaluated the ambulatory visiting patterns in school-age children and adolescents. We found a more dramatic decrease in the rate of visits to pediatricians in children aged 5e10 years and 11e17 years compared with children under the age of 5 years. We also found gradually increasing ratios of visits to family physicians in children aged 17 years or younger. The rate of visits to otolaryngologists increased with the age of children up to 10 years, but the ratio in children aged 11e17 years was lower than that for children in the 5e10-year age group.
In Taiwan, many people fail to understand the difference between medical specialties. People tend to choose a specialty according to their disease symptom. For example, people bring their children to otolaryngologists rather than pediatricians because of the symptom of a sore throat. Some people prefer to visit an otolaryngologist because they may provide local therapies on the patient's nose or mouth. However, the mainstay of treating URI is medication for symptoms and etiologies. Appropriate use and the right dosage of medications are especially important in children.
Some investigations have found that family physicians used more expensive antibiotics for children with acute otitis media, 32 and that they were frequently prescribed antibiotics for acute purulent rhinitis with short duration. 33 In Taiwan, investigators also noted that the prescribed dosage, antibiotics, and the duration of treatment was less accurate for otolaryngologists in comparison with pediatricians. 34 Therefore, it can be concluded that pediatricians are the physicians to provide the safest care to children.
In Taiwan, before 2008, there was no policy of suggesting parents to visit a pediatrician when their child suffered from nonsurgical diseases. However, a questionnaire study carried out by the Taiwan Pediatric Association in 2010 showed that 83% of parents had no idea that they should bring their child to a pediatrician and approximately 60% of parents did not know which specialty to visit when their children developed nonsurgical diseases. 35 The results of this study also did not find any abrupt rise in the visiting rates to pediatricians after 2008, suggesting that the policy has not been successful.
The rate of visits to pediatricians across all age groups showed a steady up-rising slope, whereas family physicians had a decreasing trend during the study period. However, the rate of visits to otolaryngologists remained steady during the 13-year study period, and slightly increased in children aged 11e17 years. Actually, the residency-training program for otolaryngologists did not include pediatric rotations, and therefore, they may lack sufficient skills to systemically evaluate sick children. A Canadian study has indicated there should be a need to include formal pediatric training during otolaryngology residency. 36 Therefore, adding formal pediatric training during otolaryngology residency in Taiwan may be necessary to improve children's ambulatory care quality.
Although children's mortality in Taiwan was high compared with OECD countries, the mortality rate of allaged children decreased year by year along with the increasing proportion of visits to pediatricians. 4 This may indicate that increase in the rate of ambulatory visits to pediatricians has a positive correlation with reducing children's mortality rate.
There are some limitations of our study. First, we did not have the data on quality of care or cost effectiveness, such as adequate medication for different diagnosis, medication dosage, or medical cost of each visit. Therefore, we did not have solid evidence to prove that children's medical care was better when they visit pediatricians. Second, our results did not show the regional difference of children's ambulatory visit, especially between urban and rural areas. Third, the availability of different specialties for children, such as the number of children handled by a single pediatrician in Taiwan, was not included.
In conclusion, pediatricians played an increasingly important role in children's ambulatory care from 1999 to 2011 in Taiwan, however, approximately two thirds of children sought ambulatory medical help from nonpediatric physicians during the past 13 years. Parents tended to have their children cared for by pediatricians if they were younger or had more serious illness. To improve children's health, policy regulation and education for parents to visit pediatricians are important.
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